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[SUB] nmmcoA 1 Ga i npm&f-zmk-t&n 

*WftPl**yT»ft<On»A 1 Ga I nPfHM 
U i«*-*y7«««Hfc, c (ftfrrtiCEfll Lfc I I I 
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C 1 ] G a A s JWSft»SLtfc: s Ztlftl ( A 1 

.Ga|..),In,.,P(0S«Sl. 0<X<1 ) 
htchpmtvv K«, IkXfnM7 7 ••/ Kif £ 

* L , $ W±fc£»A^I^I!b^$r4 JBJ1 
***4 £ *1W5J: •*-4»3teSH t . 

[ff;£Jl2] I nO?I H B B Jt ( 1-X) 0. 5T'J>4 

■r t zmmt -r 4 jf&g i enoftgx?. 

fc c $*^ffi](cffiiSj LT H4 i fc at -T4 1 * 

[ii*)S5] mi 1 1 mjtmtiK mm. t/i^-^a. 

[SERE 6] ni?77H|)!i>', 

5 W ^-f ft*> 1 «tiBS8^3fe3g^ . 
[»*JS7] Nl#l x 1 0 17 cnr 3 J2LtT5x 1 0 18 
cm-3*)1|-c-S>i), N2* { 5xl 0' 8 cm- 3 ia±T'3x 
10 19 c m-8jaTT*4i t *W«k-r4iW0a6 fcffi 

[f»*^8] A2JfA>\ il^5nmUJl±-C'5 0 0nmtJl 

tt$> h z. t s b^-hmim 6 & a u 7 csettofs 

[»*JS9] Al«<9F-^yh#3f£5j|T'£>'K A 2Jf 

Co r #ssv i mmx'h&z b *®Wit-rz>m 

[Swell oiivi mumifi. ^uyifziiT-jujux- 

fc&zb zftmb -r 4» -$m 9 tztmnfttmi- . 

[0001] 

A • -4 A ( A 1 G a I n P ) gttjf*^^^^ 

9^«t-iK»*-^*lS«*AflM-4«tt«<0A 1 G 
a I nP%7t^{cW^4. 
[0002] 

[f&RO&f&] (AI,6a,..) I In,.,P{0$« 

<i. o<x<i ) ^Ttm.^zh->x. #t, -r>-^ 

Affij&Jt (= 1-X) £0. 5tf-4(Al a G 

> 0.5 I n 0 . s P (OgaSl ) it. VtiWJVA 
( G a A s ) f^atM^Mttrt I (App 
1. Phys. Lett. . 57 (27) (199 

0). 2937-293 9I#8?) . mil£mi&.&£ 

mm-h^cm^ (led) i&Htiu— f-y^x-y 



(LD) IzmmZtlX^h (App \ . Phys. Le 
tt. , 64(21) ( 1 994 ) . 283 9 — 284 

g^yr/Kfo (dh) ^«sjt7!>>/j>ts^-rso 

#5I$l"t'<fc>4 (Appl. Phys. Lett. . 61 
(1 5) ( 1992) , 1 77 5 — 177 7H#Sr) . 
[0003] DHflfitajfcStfcU:. IS* (vStt) Jf. ± 
S53KrF«?5«y K*&fflj£Sft43^*^4«tgtt{a 
X'hh. RBj£$ft.fc«&«l*i («3tflirt) 

T**fcJI?Lfc£*+l/CimBI&£$tf4Jfc*>te. ft 

xmzmiiLxWi.tthinwmmx'hh. &%mmt&H 

X\ OT(carrier) cOSSS-^SriS 

C-ffcAte, 7 7 y KWtffcfcB J 0 tJlitflMB ( b a 
nd gap)^#<UHS?tlS.«itf. (A 
lo.2Ga,. 8 ) 0 . 5 In 0 . 6 PKi3|yi«L. 75 
•y KS£ (A l 0 . 7 Ga 0 . 3 ) 0 . 5 I n 0 . 5 Pb-fhDHffi 
JsA^PK^ftTV^ ( App 1 . Phys. Let 
t. , 58(10) (1991). 1010-1012 
W#B3) . 

[0 004] ftJfWO (Al,Ga,.,),I n,. x P«3t 
**3fc»'M2Wfc!03ft3#4fc*>. SSSatfit^Btffl 
(SPIE, Vol. 3002 (1997). 110 — 

i i8s#gg) . ztmmztfojct&tzMz®. 

BK-y--l»£^S>l>. ^iO. ^JI^flt'fkr^S-^A 
• ^''J^A^b (A 1 c Ga,. c A s : 0SC=g 1 ) 

ffl^-fSW^^itT^S (±te«App 1 . Phy 
s . Lett. , 5 8 < 1 9 9 1 ) #M) . 4fc. >J V 

ittfyyj* (Gap) frhmm-hm>%\t>tix^& 

(J. Electron. Mater. , 20(199 

i ) . 112 5-n 3om#bs) . mmb txmmz 

^tSGaP^Bil^jlipji^i OwmHSlOwmt 
*0 (MtbcOSP IE. Vol. 3 00 2#B3) . i-, 
X (A 1 . Ga,.„ ) x I n,.,PfeB B BSO-«W=5:{R^ 
*aT'*4*^JR»^-Smffi^t# (MO— VPE ) ft 

fcittw*itf. «t 'ommzmmtffm.x'Z h^ay> 

(halogen) ^V^(±y W K^K ( h y d r i d 

e) VPEfc.fcDJBiacSft.-CH4. 

[ 0 0 0 5 ] I I I - V&ft^^fl^fcjQ*. . i§ 

wj:mfc®%ihm£ftft&<7)±3T<,z&m-tz,mmffifS.i> 
m^ztix^z. mtn\ Txvj)GMmty&ii5, 4 

81. 12 2^'li, P^-;7y3y^Mit 
MiM yi/<yj± '^(indium-tin oxid 
e :EfcftITO) ®A<ffig^ftTV^. 4^. U V-ftBt 



!(3) 000-3 53S20 (P2000-35JLS 



•fktfU W(GaAsP), >J VitfiV W(Ga 
P ) . 0 XttfV • -i y^M, (Gal nP) i.tz 

imiktfyyj* ( g a a s ) frt>mj8LZtihay??y 
rnrnf n-1 722 omkimm . B4 14. mm 

ttiHfcttMS:IUB-r&«*<OA 1 Ga I n P&ftflH^) 
frBWsSBt**. 9TK1£R'fb!ltriK 5 2 14, ±315? 5 -y 

[0006] 

imWfmiX 0 t^&mm A l c Gai- C As<i, 
?7-y KJlfcUWEf & (A 1 . 6a,., ) , I n,.,Pt 
afffrft^HSaWflb^ibO, SX7 -f •/ h (m i s f i 

»4. U&>UttO. 5£a*.**vv7*/l^ 

it ( = C) COA lcGai-cAs^-^fli: LTlSWcA 1 

Ga I nP^Sftli. Sfffl^a^«ll«Tt=»V^Tm 

v v-'v— ^ g > (passivation) J$fl5&-i;£D 

[ 0 0 0 7 ] ttl . G a PTJSUe^aWtttUf . 
3fc2« SrjRflltaEA* i fc J^T'S 6 (Al.Ga,. 
« ) x I n,.,P tCO^^m^m^. ftf^GaPM 

&m*&&?uz\m.b-?, Kftm?<7)mfiizm< lx 

Ltd. fSMROftL^SriS*')*.*;^ JVR 
COG a PMf 8 ii&»fi£f-i./cWC«s ? 5 y FJBftV^U 

[ 0 0 0 8] jfcjfc. S»flBHk1WBS:ilifcfiaw>A 1 G 
a I n P563tS^Pfc*JV^Ttt, Mft9Ml*GaAs««> 
^Ift^n^:?? bJI^LTiSff^fiT^i.. L*>L. 
GaAs<?)Ifit«I±fB( = l. 43eV)li, - 
»^»3W<0»«tmT*S (Al a Ga,. a ) o.5 
I n o . 5 P fcJt«mUf * $ V ^tf> . ffcfttfG aAsl 

- $ y 7 &MA { £Se L T t# A> ix=5r v ^ t v |5]H£f & €> . 
[0009] mt<. ftl 0-«Q • cmgj£<OigJgfii* 
0**tt**T**»fl:tt»flfc:. SHtffiiS (ZnO) # 

( >ifitff^^s«w^f8S . voi.9 

9. No. 63 (1999. 5.20. ), S3 — 8 8 
JC«H> . t*>L, BHfci6»lll(:ov^T . mmtL 

t o o i o j *&m±±.m<?)wmt,zmA-. mftmm^ 
mm m&-ti> tutxnm&mw*} «t ywefitit ^ & 

tCL. ^SlJSiOA l Ga I nPfBfe^^Stt-ri»^fc 

lz$>h. 



[00 11] 

*IKStt. [ 1 ] GaAs#& H B B »SU:£, -eil-P 
jh. (A 1 « Ga,.« ) x I n,. x P (O^aSl, 0<X 
<1 > j&»fcfr*pjg?5-y K«L ftXJI. RXfnB?? 

*4JSW£^*£fc£irafc-r4*fc#*?\ C2] I 
nO^SJt(l-X)^ 0. 5T'fcS^tS:^at-r 

sen le®?^^ c 3 ] mit&mK 
>wmmi&x\ ±\,z c wsntojcEnj Lx^&zttw 
mt -r* [ i ] * Jtii 1 2 ] tie^fBt^, [ 4 ] 

i^tiztimtt-ti, c i] ~ [3] cov^ix*>i 

Jf (cfeKcOfBfc*^ . [ 5 ] SS I I I IBS. 

«IiLh^7t5gT*) Sit -th [ 4 ] fe»<o$s# 
[6] nf?77W, **'J-WMte*iW 
& 2« Jf+ U -\1SlS^ffiv^co®*<f63feJifflSfc: 
*0 (AlltL, **rV J rim.ZNlb-fZ>) . ^rr 
'J SJgtf>l«v ^OJi*9SJIIBUc *l>(A2iii:L.^ 
•vD-^JK^N2t-fS) ii:*Wafc-r4 [ 1 ] - 

[ 5 ] «v^-«i3&» i mzwmmm? , c 7 ] n 1 

1 X 1 O^cm-^J^JLhT'SX 1 O^cm-s^jST'^O, 
N2**5X 1 0 18 cm-31iLh-c-3 X 1 0 19 cm-3tlTT* 
AiCk^WfSi-ri [6] fclB»«0|^3g^. [8] 
A 2 JI#>\ ^ 5 n myjiT- 5 0 0 n mUTf*l> i i: 
£imti-& [ 6 ] ifeJi [ 7 ] (clBSccO^S^, 

[ 9 ] A 1 SCO V-J*>bmmX'& 0 . A 2if <0 H— 

'*yh&&vimjcmx'h&ztzimt-r2, C6]~ 

[ 8 ] O^-ftlfr 1 iI(ClB«ico^3K^, [10]IV 

4 C9] CIB«Ol63tSIT. izmth. 
[00 12] 

[ 5H8<0*tt^)»JB] *3WH-Ctt .GaAs *!£A&£ 
±(C. (A 1 „ Ga,.„ ) x I n,. x P (OSaSl. 0 
<X<1 ) A>f)^Sp^7 7 KJB, Mi, &l>'n® 

S . icriii-^, A 1 G a I n P/lc^M y^'-7 Ac7)M^Jt 
( 1 -X) tCOUTti. 0. 5fctl,Ii:tGaAsI 

[0013] K-ftffiiS ( Z n O ) ^JgaiJIti. ii^cOK 

if« (CVD) aar£CJ:9»JftT$S. «!Rfl$ 
< / ztiLtmm<V&gZ£*fl, 2 0 0°CtLhi: -TiXff. ^/U 

•yi£^ H B H s<o<ooo i>*(6j (Bfii. cmuft) &BL 
sis^b b b « & ^as-cji . wm.&<7)&mz 
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[0014] *t&JUMt£KM&. cM*A 

SfcAfcii. (UMtiL) 5rixi 0 3 Q • cm* 

4 5 0 •Ctcig^-t & C t KJ: Ifthtih . JgJ|<z>J|J£ (4 
^5nmJiUiT'S)^.<7)^*MiL<. ^5//m^^i.|, 

{bWRTfi . 

[0015] iwi^tt«i^ft*ast=aainL* 

V\ BflSry K— 7* ( u n d o p e ) «©T'n^SSS 
StM"*"***. mi I I WocmZ V-Vyy-ftHt. X*) 

mmzfc$m&<r> n mMmsmmim&x* t . tvp 

(Al) , (Ga) -S*^ W*7J± ( I 

n ) *£<7)?fS I I I mytmz % it«St^$tJ2 

~3 x 1 0 1 fi- cmtt4§ft LT3t^-=5r«Stt*5 

l K-nMaEttJMKi, A l ift2~ 
5Si%£tfBHfc&£8a>£j£&J^tf£;y--y.y h t L 

-rtt-atcK^-r-s^i^rvi. mm. a 1 tGa 

[0016] *3&BJiTii, ±Etf>n»£|&A<z>RfcffiiB 

2*:. JSJi*l«'tn»lHKffi«BJii:W3j--S"y^«j!*i 
*fctWfiR±. ±S8?7y KSJin^eD (Al.Ga,. 
a ) o.5 I n„. 5 P (OSaS 1 ) j&»&»j£3*l4fc«0fc 

fc tfX'Zb. 

[0017] o \z. iMfefcttflfcO*- 

KJi&df-ir i J7'?as5-ffla^s2o^«^^-r^ 

m\M$S?gm£&f8.T?ixl£n&7 y y 

•v 7m^\ttMz&j&X'£ h . Wmcr>*- S.-v9 tSM. 

mi. ^<t{,^ixio ! «c m-m±ii>jmT-$> 



0, 5X1 0>8cm-3UJLfC'*-Stf0^'M* U\ -fflt} 
1 0 l9 cm-3^@^.^iS^A' , Jr?llJgi:-rSi: 
*iIW>¥ffitt>Wa.3 tl . $ y 7 »*#gcJg L 

T»&il«<s5r«. £<0«$rffi=* + 'JT«flE*>nJB (A 

1 « Ga,. a ) o.5 I n 0 . 5 P (OSaSl) mZBfct 

hmconB^nmt Lxit. Tcmmmmcom i v&kjh 

mif (Si ) SVlRCIf|,-bby 
( S e ) ^r-JU/U { T e ) ##4 LA*. 
[00 18] 4fc, n»^7-y h*^(^4ilSiSV-.=Jf-v 
!J-TO®DJI£, (A 1 „ Ga[. a ) o.s I n 0 5 P (0 

%mz\:-t'y7Lfcm*<rVTimm£miz>t. & 
mz-frfct h n wwmitmM n^b «a l^sco 

fs^ggv + U TiaK* «»3KJi t ±S5^ 5 -y H 
Jc-vVTWkBHi. 1 x 1 0 17 cm-HjLtT-5 x 1 0 18 c 

iz<^mi v«pRKflj-c**aaif (sd sfflv^ct 

[0019] S^a- >J T^WWil/Sh LT«i5 nmtl 
iTWUCEKJb* . 5 n m^StTldWSJBsStf 4<0 
n ^RftSttfSV t W^*T=t^- 5 y ^ gfftfc 

{c-^-^ill. I S57cS^«**iBJirr £ c i: ^ *) . 
^W*. MO-VPE&tciO ni/7 7 KJISrfiSR 

[0020] 

maztmti. mui*mmi,z&bhf&m=f-i o<o 
io«a-a' izfe i tzmwm&z^-fw&mx'h 
[oo2i] mi&^mzt/tm? l 0$:» SIS ( Z n ) 

Y-rpm (00 1) -GaAsl^Ml 0 1± 

iz, w±Mo-vpEmizj:*)m<mmLti. znF- 



!(5) 000-353820 (P2 00 0-3 5JL8 



rp?gGaAsS«Jil 0 2, ZnK-7p» (A 1 
cjGaj.j) o.5 I no.jP^^Tai^^'v h'Jf 1 0 
4, Ti-K-T^nJB (A 1 0 . 2 Ga 0 . 8 ) o.5 I n 0 . 5 P 
Wi&frt>$.h5mm 10 5, njg ( A 1 o. 7 G 
a 0 . 3 ) o.s I n< s . 6 Pfrt>f8.&±B?7-y FBI 0 6#> 
fefflRU. HJ^/WTyUS-^ ( (CH 3 ) 3 A 
I), b^WJWt (CHjJaGalWb'j 
^fWvm ( (CH 3 ) 3 In)JII I^fS^TC 
*«>K«fc U ^'xf-zUSIS ( (C 2 H 5 ) 2 Zn)£E 
SSW K-b'y^fc Lfc. y y FJI 1 0 4 Ji^f + 

UT***#3X 1 0 1! cm-'C j£Hjag»±7 3 0 
0 C, JURi|04 3 0 nmt Uc. %%JI«>1 0 5 

3 JfJP.i#Jl 2 nmi L, ^r-v'J 
Ti§tg«:ift5x 1 Oi'cm-8 4: Us. 
[0022] i»^?7Kil0 6li, *+UT»*t 
7X1 O^cm-sfTSS i h'-rffi*^ UTXKJI 1 
0 6 at, *-*y7*«K£2x l 0 19 c nr 8 ff£> S e 
'J TWjm 1 0 6 b bfrkmOLLtz. fg* 

■v y -vaMW<0JM«ii& 1 u m , ^ * y -^raugjio/g 

iW±#>5 Onm tUc. 

[0023] ±gB?5-x FJf 1 0 6<7>±£&±, HRtt* 
itSi^^-y^y V/SCJ: OA 1 H-r«ZnO*»(9 

ttft&Ji i o 7 jsji i o 7{i^iat-<7)it 

W8&%J3X 1 0-«Q • cmtflmflMML. 

2 0 0 n m t Ltz . HftflWr XHUUifam 
<fc 0 , IS® 10 7 £jfc*»fl2fitttf>E|f!tttt. < 0 0 0 

i>2rfa (c$ft) T-fchzt. mfiz$rmg i B x-$>&zt 

[0024] Mltm&%M 1 0 7±{C«, A 1 

1 2 0 u m.<?>WBcr>nBMM 10 8 £— J&6*l& 
y*h OVfy? 4-i$.tfiZmMLTmftz. GaAs 
iKlOl <7>H®<7>:£®£{±& • EI8-£# (Au981 
i%-Zn2II%M) £K2JK»U>«L 4 2 0-C 

T'2^ra^-#(k ( 7^ ) mmzmix p b*- s -y ? 

«H1 0 9t^rt^. -2^350wmtt 

s B&iEjTBcvmmn?- v rizmm Lmtm? 1 o t & l 

[00 2 5] nj^m^l 0 8S.yp^5j--5 7^1Sl 
0 9ratCji|l^[filiC2 0 5 \)T>1T (mA) <?)mc5£il 
SEUrtd*., IHkffifSigJf 1 0 7(?>B&-£Mfr^m%) 

*3teafc£ii*&6 2 0nm-C*->fc. IBfcX^;/- h 

A*>¥ffliWi# 1 7 nmT'J) 9 , #£14Cgft*:fS:£A* 
Jf.^fiUE (@2 OmA) imi . 9X)\sh 

(V) t&o*;. ttz. MM(iJ56 0S W>f7 

(mc d) Cf«gU>. 

[0026] (mmm ) ^mmm-ii. ■? ? ( b 

ragg) RSt/lSrftfitL^ (A 1 Ga) I n P$B£S 
d3li. #^MMc{l^6?B£fg^3 0^lffi®&5£ 



[0 0 27] <0 1 1>^T[6)(C4- «*4U>. ZnK- 
/(100) PlBGaAsifitlOliC, MJ*f-/W 
T)V^-f?A ( (CH 3 ) 3 A 1 ) , hy^yptfy^A 

( (CH 3 ) 3 Ga) BtXfY»*+lV4Vi?*}J* ( (CH 

s ) a i n > £ 1 1 1 mmfcTcmcomnti-z , -sw^r 

MfiEMO-VPEj£C:J;9, ly^^h. (Mg) H— 
7'p»GaAs8Hlll02SflHiLlt. 7'5 y 

7%Mtmi 03, Mg V-TpB (A 1 o. 7 Ga 0 .3> 
o.5 I n 0 . 5 PA^)^STlEP^7 y H« 1 0 4 , 7>K- 
TCOnffi ( A I o. 2 Ga 0 .8 ) 0.5 I n 0 . 5 PSfl*»^4 
Sl/'njB ( A I o. 7 Ga 0 . 3 ) 0 .s I n 0 . 5 
P*^)SS±gP^7-y HSl 0 6 /57 
i/RSfS 1 0 3ti, A 1 fflfiS.it 2" 0.45 t/TSM g H 
-TnfAl t . 45 Ga 0 .55AsllO3ai, A 1 *§j£ 
Jt£0. 90t-TSMgH-rnJfMlo.45Gao.55A 
s«l 03bfc£5jB]»L itiUTaWEUfc. A 1 0.45 
Ga 0 , 55 Astl 0 3ac0ilIP^i$^J4 2nmT'$> , ), * 
fc, A lo.45Gao.55As/ll 03 bc7)Jlff{i$j4 9 n 
m t L7t. 

[0028] P®GaAs^*ifl 02«0«ff(i^0. 
2//mtL. ^ -v 'J 7*lR^(±|^3 xl0 18 cm- 3 tL 
fc. 7'^ y^WJll 0 3cO«fiS«10 3a, 103b 

co** y r«Kii}R*ftt*& 1 x 1 o 18 c m-3 1 Lfz. 
T&ty vvmioAcDmmmo. 8«mtu 

'J7Mlif!;3x 1 0 18 cm- 3 t Lfc. 5BK«C01 0 5 
WlfliftlOnratL. 'J T7gJKti^8 x 1 0» 8 
cm- 8 t Ltz. 

[0029] ±M9"7 •/ 106li. f&SI^S^-v y 
7«K<7)2S*^«J«t!t. ^3KJ11 0 5tz&&ZltX 

EiL/ifi^t yrigjgiii 0 6 aii, ^f^yrjag^ 

$«76X 1 0"cm-3fc U ^if^^l . 7^tmitSS 
i K-7ni (A l 0 . 7 Ga 0 . 3 ) 0.5 I n,. 6 P3&»4>«« 
Uc. ^-vyriRSBl 0 6ali. Se^ajRK^H 

-trv^LJt, ^-vyrias^^i x 1 o 19 cm-3t 

L, HHSr^Jl OOnmtf|,nJg(Al o . 7 Ga 0 .3) 
0.5 I n 0 .5P*^^«Lit. 

[0030] iS^r-v 'J T^JKJl 1 0 6±tC<i, A 1 £S 
LT 3 M%&l/G a 5: 0 . 5 fii%^tfg? 

x , t'-Ajt£jg«£i= j: 0 mmss&m 1 o 7 ^ 
si 107 h nmmm&cn>\mfjL 

9 , Jiffttft 1 5 0 n m t L?t 0 ^TIIH^fP^fffi^J: 

h®tftj*9-vfrt>. »flai»Jiiictt*i6ifc:ffirBjLjt 

[003 1 ] ^MWIl^lBStfSiatCn^mfiBl 0 825. 
1/pB*-$ -yfWMl 0 9£Bf&.LX3&tm=F3 0£ 
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